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AB The t(5; 1 7) variant of acute promyelocytic leukemia (APL) fuses the genes 
for nucleophosmin (NPM) and the retinoic acid receptor alpha (RARalpha). 
Two NPM-RAR molecules are expressed as a result of alternative RNA 
splicing. Both contain RARalpha sequences that encode the DNA binding, 
heterodimerization, and ligand activation domains of RARalpha. This study 
was designed to test the ability of these fusion proteins to act as 
transcriptional activators of retinoic acid responsive promoters. The 
NPM-RAR fusion proteins bind to retinoic acid response element sequences 
as either homodimers or as heterodimers with RXR. Transcription of 
retinoic acid-inducible promoters is activated by the fusion proteins in 
the presence of retinoic acid. The level of transactivation induced by the 
NPM-RAR fusions differs from the level of transactivation induced by 
wild-type RARalpha in both a promoter and cell specific fashion, and more 
closely parallels the pattern of activation of the PML-RAR fusion than 
wild-type RARalpha. In addition, NPM-RAR decreases basal transcription 
from some promoters and acts in a dominant-negative fashion when 
co-transfected with wild-type RARalpha. Both NPM-RAR and PML-RAR interact 
with the co-repressor protein SMRTe in a manner that 
is less sensitive than RARalpha to dissociation by retinoic acid. Retinoic 
acid induces binding of the co-activator protein RAC3. These data indicate 
that the NPM-RAR fusion proteins can modulate expression of 
retinoid-responsive genes in a positive or negative manner, depending on 
context of the promoter, and lend support to the hypothesis that aberrant 
transcriptional activation underlies the APL phenotype. (Blood. 
2000;95:2683-2690) 
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LI 5 ANSWER 17 OF 92 CAPLUS COPYRIGHT 2001 ACS 
AB The invention is related to the use of histone deacetylase inhibitors as 
activators of genes responsive to hormone receptors and to counteract the 
oncogenic functions of oncogenic proteins. Histone deacetylase relieves 
repressed systems and, when in combination with a ligand for a member of 
the steroid/thyroid hormone superfamily, the differentiation effects of 
retinoids are enhanced. Formulations for modulating hormone-mediated 



processes and assays for the identification of potential modulators are 
presented. 
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AB Thyroid hormone receptors (T3Rs) are 

hormone-regulated transcription factors. Different T3R isoforms are 
expressed in a tissue-specific and developmentally regulated manner. The 
T3Ralpha-l, beta-0, and beta-1 isoforms typically repress target gene 
expression in the absence of hormone and activate transcription in the 
presence of hormone. Intriguingly, however, the T3Rbeta-2 isoform fails to 
repress, and instead is able to activate transcription in both the absence 
and presence of hormone. We investigated the molecular mechanism behind 
this absence of repression by T3Rbeta-2. Repression by T3Ralpha-l, beta-0, 
and beta-1 is mediated by the ability of these isoforms to physically 
recruit a SMRT/N-CoR corepressor complex. We 
determined that the unliganded T3Rbeta-2 also recruits the SMRT 
corepressor; in contrast to the alpha- 1, beta-0, and beta-1 
isoforms, however, the T3Rbeta-2 protein interacts not only with the 
C-terminal "receptor-interaction domain" of SMRT, but also makes 
additional contacts with the N-terminal "silencing domain" of the 
SMRT corepressor. These additional, T3Rbeta-2-specific 
contacts interfere with the subsequent association of SMRT with 
mSin3, a crucial second subunit of the corepressor holo-complex. 
Our results suggest that T3Rbeta-2 regulates transcription through a novel 
anti-repression mechanism, recruiting SMRT, but preventing the 



subsequent formation of a functional corepressor complex. 
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AB Hypermethylated in cancer (HIC-1), a new candidate tumor suppressor gene 
located in 17pl3.3, encodes a protein with five C(2)H(2) zinc fingers and 
an N-terminal broad complex, tramtrack, and brie a brac/poxviruses and 
zinc-finger (BTB/POZ) domain found in actin binding proteins or 
transcriptional regulators involved in chromatin modeling. In the human B 
cell lymphoma (BCL-6) and promyelocityc leukemia (PLZF) oncoproteins, this 
domain mediates transcriptional repression through its ability to recruit 
a silencing mediator of retinoid and thyroid hormone 
receptor (SMRT)/nuclear receptor corepressor 

(N-CoR)-mSin3A-histone deacetylase (HDAC) complex, a mechanism shared with 
numerous transcription factors. HIC-1 appears unique because it contains a 
13-aa insertion acquired late in evolution, because it is not found in its 
avian homologue, gammaFl -binding protein isoform B (gammaFBP-B), a 
transcriptional repressor of the gammaF-crystallin gene. This insertion, 
located in a conserved region involved in the dimerization and scaffolding 
of the BTB/POZ domain, mainly affects slightly the ability of the HIC-1 
and gammaFBP-B BTB/POZ domains to homo- and heterodimerize in vivo, as 
shown by mammalian two-hybrid experiments. Both the HIC-1 and gammaFBP-B 
BTB/POZ domains behave as autonomous transcriptional repression domains. 
However, in striking contrast with BCL-6 and PLZF, both HIC-1 and 
gammaFBP-B similarly fail to interact with members of the HDAC complexes ( 
SMRT/N-CoR, mSin3A or HDAC-1) in vivo and in vitro. In addition, a 
general and specific inhibitor of HDACs, trichostatin A, did not alleviate 
the HIC-1- and gammaFBP-B-mediated transcriptional repression, as 
previously shown for BCL-6. Taken together, our studies show that the 
recruitment onto target promoters of an HDAC complex is not a general 
property of transcriptional repressors containing a conserved BTB/POZ 
domain. 
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AB Homeobox (hox) proteins have been shown to regulate cell fate and segment 
identity by promoting the expression of specific genetic programs. In 
contrast to their restricted biological action in vivo, however, most 
homeodomain factors exhibit promiscuous DNA binding properties in vitro, 
suggesting a requirement for additional cofactors that enhance target site 
selectivity. In this regard, the pbx family of homeobox genes has been 
found to heterodimerize with and thereby augment the DNA binding activity 
of certain hox proteins on a subset of potential target sites. Here we 
examine the transcriptional properties of a forced hox-pbx heterodimer 
containing the pancreas-specific orphan homeobox factor pdx fused to 
pbx- la. Compared to the pdx monomer, the forced pdx-pbxla dimer, displayed 
10- to 20-fold-higher affinity for a consensus hox-pbx binding site but 
was completely unable to bind a hox monomer recognition site. The pdx-pbx 
dimer stimulated target gene expression via an N-terminal trans-activation 
domain in pdx that interacts with the coactivator CREB binding protein. 
The pdx-pbx dimer was also found to repress transcription via a C-terminal 
domain in pbx- la that associates with the corepressors SMRT and 
NCoR. The transcriptional properties of the pdx-pbx 1 complex appear to be 
regulated at the level of alternative splicing; a pdx-pbx polypeptide 
containing the pbx lb isoform, which lacks the C-terminal extension in 
pbx la, was unable to repress target gene expression via NCoR-SMRT. Since 
pbx la and pbx lb are differentially expressed in endocrine versus exocrine 
compartments of the adult pancreas, our results illustrate a novel 
mechanism by which pbx proteins may modulate the expression of specific 
genetic programs, either positively or negatively, during development. 
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AB SMRT (silencing mediator for retinoid and thyroid hormone receptors) and 
N-CoR (nuclear receptor copressor) mediate transcriptional repression of 
important regulators that are involved in many signaling pathways. SMRT 
and N-CoR are related proteins that form complexes with mSin3 A/B and 
histone deacetylases to induce local chromatin condensation and 
transcriptional repression. However, SMRT is substantially smaller than 
N-CoR, lacking an N-terminal domain of approximately 1,000 aa that are 
present in N-CoR. Here, we report the identification of SMRT-extended 
(SMRTe), which contains an N-terminal sequence that shows striking 
similarity with N-CoR. As in N-CoR, this SMRTe-N-terminal domain also 
represses basal transcription. We find that SMRTe expression is regulated 
during cell cycle progression and SMRTe transcripts are present in many 
embryonic tissues. These data redefine a structurally and functionally 
more related nuclear receptor corepressor family and suggest an 
additional role for SMRTe in the regulation of cycle-specific gene 
expression in diverse signaling pathways. 
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AB The association of transcription corepressors SMRT and N-CoR 



with retinoid and thyroid receptors results in suppression of basal 
transcriptional activity. A key event in nuclear receptor signaling is the 
hormone-dependent release of corepressor and the recruitment of 
coactivator. Biochemical and structural studies have identified a 
universal motif in coactivator proteins that mediates association with 
receptor LBDs. We report here the identity of complementary acting 
signature motifs in SMRT and N-CoR that are sufficient for receptor 
binding and ligand-induced release. Interestingly, the motif contains a 
hydrophobic core (PhixxPhiPhi) similar to that found in NR coactivators. 
Surprisingly, mutations in the amino acids that directly participate in 
coactivator binding disrupt the corepressor association. These 
results indicate a direct mechanistic link between activation and 
repression via competition for a common or at least partially overlapping 
binding site. 
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AB Retinoic acid and thyroid hormone receptors 

can act alternatively as ligand-independent repressors or ligand-dependent 

activators, based on an exchange of N-CoR or SMRT-containing 

corepressor complexes for coactivator complexes in response to 

ligands. We provide evidence that the molecular basis of N-CoR recruitment 

is similar to that of coactivator recruitment, involving cooperative 

binding of two helical interaction motifs within the N-CoR carboxyl 

terminus to both subunits of a RAR-RXR heterodimer. The N-CoR and 

SMRT nuclear receptor interaction motifs exhibit a consensus 

sequence of LXX I/H 1 XXX I/L, representing an extended helix compared to 

the coactivator LXXLL helix, which is able to interact with specific 

residues in the same receptor pocket required for coactivator binding. We 

propose a model in which discrimination of the different lengths of the 

coactivator and corepressor interaction helices by the nuclear 

receptor AF2 motif provides the molecular basis for the exchange of 

coactivators for corepressors, with ligand-dependent formation 

of the charge clamp that stabilizes LXXLL binding sterically inhibiting 

interaction of the extended corepressor helix. 
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AB Nuclear hormone receptors are ligand-regulated transcription factors that 
modulate the expression of specific target genes in response to the 
binding of small, hydrophobic hormone ligands. Many nuclear hormone 
receptors, such as the retinoic acid receptors 
, can both repress and activate target gene expression; these bimodal 
transcription properties are mediated by the ability of these receptors to 
tether auxiliary factors, denoted corepressors and coactivators. 
Corepressors are typically bound by receptors in the absence of 
cognate hormone, whereas binding of an appropriate hormone agonist induces 
an allosteric alteration in the receptor resulting in release of the 
corepressor and recruitment of coactivator. Structural analysis 
indicates that there is a close induced fit between the hormone ligand and 
the receptor polypeptide chain. This observation suggests that different 
ligands, once bound, may confer distinct conformations on the receptor 
that may invoke, in turn, distinct functional consequences. We report here 
that different retinoids do differ in the ability to release 
corepressor once bound to retinoic acid 
receptor and suggest that these differences in corepressor 
release may manifest as differences in transcriptional regulation. 
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AB Nuclear hormone receptors have been shown to repress transcription in the 
absence of ligand. This repression is mediated by a corepressor 
complex that contains the Sin3A protein and histone deacetylases (HDAC1 
and 2). Studies by several groups demonstrate that this complex is ' 
recruited to nuclear receptors through the highly related 
corepressors SMRT (silencing mediator of retinoid acid and thyroid 
hormone receptor) and N-CoR (nuclear receptor corepressor). We 
describe here the cloning, characterization, and chromosomal mapping of 
forms of human and mouse SMRT that includes a 1,000-aa extension, which 
reveals striking homology to the amino terminus of N-CoR. Structure and 
function studies of wild-type and natural splicing variants suggest the 
presence of 3-4 amino terminal domains that repress in a cooperative as 
well as mechanistically distinct fashion. 
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AB A distinguishing, but unexplained, characteristic of steroid hormone 
action is the dose-response curve for the regulation of gene expression. 
We have previously reported that the dose-response curve for 
glucocorticoid induction of a transfected reporter gene in CV-1 and HeLa 
cells is repositioned in the presence of increasing concentrations of 
glucocorticoid receptors (GRs). This behavior is now shown to be 
independent of the reporter, promoter, or enhancer, consistent with our 
proposal that a transacting factor(s) was being titrated by added 
receptors. Candidate factors have been identified by the observation that 
changes in glucocorticoid induction parameters in CV-1 cells could be 
reproduced by varying the cellular levels of coactivators [transcriptional 
intermediary factor 2 (TIF2), steroid receptor coactivator 1 (SRC-1), and 
amplified in breast cancer 1 (AIB1)], comodulator [CREB-binding protein 



(CBP)], or corepressor [silencing mediator for retinoid and 
thyroid-hormone receptors (SMRT)] 

without concomitant increases in GR. Significantly, the effects of TIF2 
and SMRT were mutually antagonistic. Similarly, additional 
SMRT could reverse the action of increased levels of GRs in HeLa 
cells, thus indicating that the effects of cofactors on transcription may 
be general for GR in a variety of cells. These data further indicate that 
GRs are yet an additional target of the corepressor SMRT 
. At the same time, these cofactors were found to be capable of regulating 
the level of residual agonist activity displayed by antiglucocorticoids. 
Finally, these observations suggest that a novel role for cofactors is to 
participate in processes that determine the dose-response curve, and 
partial agonist activity, of GR-steroid complexes. This new activity of 
cofactors is disconnected from their ability to increase or decrease GR 
transactivation. An equilibrium model is proposed in which the ratio of 
coactivator-corepressor bound to either receptor-agonist or 
-antagonist complexes regulates the final transcriptional properties. 
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AB Complex physiological stimuli differentially regulate the tissue-specific 
transcription of the lipoprotein lipase (LPL) gene. A conserved DNA 
recognition element (-171 to -149 bp) within the promoter functions as a 
transcriptional enhancer when bound by the peroxisome proliferator- 
activated receptor-gamma2 (PPARgamma2)/retinoid X receptor alpha 
(RXRalpha) heterodimer, but serves as a transcriptional silencer in the 
presence of unidentified double and single stranded DNA-binding proteins. 
To address this apparent paradox, the current study examined the effect of 
two classes of candidate comodulatory proteins, COUP-TF (chicken ovalbumin 
upstream promoter transcriptional factor) and the corepressor 
SMRT (silencing mediator of retinoic acid 
receptor and thyroid receptor). The expression of COUP-TF was 
detected by Western and Northern blots in a preadipocyte 3T3-L1 cell model 
during periods corresponding to increased LPL transcription. 
Cotransfection of COUP-TF expression constructs in the renal epithelial 



293T cell line significantly increased transcription from the LPL promoter 
in synergy with PPARgamma2/RXRalpha heterodimers. The COUP-TFII (ARP-1) 
protein specifically bound the LPL PPAR recognition element 
inelectromobility shift assays and interacted directly with the 
ligand-binding domain of PPARgamma in pull-down experiments. In contrast, 
cotransfection of SMRT repressed PPARgamma2/ RXRalpha-mediated 
LPL transcription in the absence or presence of COUP-TFII (ARP-1). The 
interaction between PPARgamma2 and SMRT localized to the 
receptor-interactive domain 2 (amino acids 1260-1495) of the SMRT 
protein based on cotransfection and pull-down assays. These in vitro data 
indicate that COUP-TF proteins and SMRT modulate 
PPARgamma-mediated LPL transcription in the 293T cell line. 
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AB The Drosophila ecdysone receptor (EcR)/ultraspiracle (USP) heterodimer is 
a key regulator in molting and metamorphoric processes, activating and 
repressing transcription in a sequence-specific manner. Here, we report 
the isolation of an EcR-interacting protein, SMRTER, which is structurally 
divergent but functionally similar to the vertebrate nuclear 
corepressors SMRT and N-CoR. SMRTER mediates repression by 
interacting with Sin3 A, a repressor known to form a complex with the 
histone deacetylase Rpd3/HDAC. Importantly, we identify an EcR mutant 
allele that fails to bind SMRTER and is characterized by developmental 
defects and lethality. Together, these results reveal a novel nuclear 
receptor cofactor that exhibits evolutionary conservation in the mechanism 
to achieve repression and demonstrate the essential role of repression in 
hormone signaling. 
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AB On positive thyroid hormone response elements (pTREs), thyroid 
hormone receptor (TR) binding to DNA in the absence of 
ligand (thyroid hormone, T3) decreases transcription (silencing). 
Silencing is due to a family of recently described nuclear 
corepressor proteins (NCoR and SMRT) which bind to the 
CoR box in the hinge region of TR. Ligand-dependent activation of TR is 
associated with displacement of corepressors and recruitment of 
coactivating proteins. Resistance to thyroid hormone (RTH) is due to 
mutations in the beta isoform of the thyroid hormone 
receptor (TR-beta). To date, three RTH mutations reportedly with 
near-normal T3 binding (A234T, R243Q, and R243 W) have been described in or 
near the CoR box. To determine the mechanism of RTH caused by these 
mutants, the interaction of wild type (wt) and mutant TRs with the 
corepressor, NCoR, and the coactivator, SRC-1, was tested in 
gel-shift assays. As expected, NCoR bound wt TR in the absence of T3 and 
dissociated from TR with increasing T3 concentration. SRC-1 failed to bind 
wt TR in the absence of T3, but bound to TR with increasing avidity as T3 
concentrations rose. At no T3 concentration did both NCoR and SRC-1 bind 
to wt TR, indicating that their binding to TR was mutually exclusive. 
Hinge mutants bound NCoR normally in the absence of T3; however, 
dissociation of NCoR and recruitment of SRC-1 was markedly impaired except 
at very high T3 concentrations. Importantly, hinge mutant TRs when 
complexed to DNA bound T3 poorly despite their near-normal T3 binding in 
solution. These binding studies correlated with functional assays showing 
defective transactivation of pTREs by hinge mutants except at high T3 
concentrations. Thus, we describe a novel mechanism of RTH whereby TR 
hinge mutants selectively affect T3 binding when complexed to DNA, and 
prevent NCoR dissociation from TR. Our data also suggest that solution T3 
binding by RTH mutants may not accurately reflect physiologically relevant 
T3 binding by TR when bound to DNA. 
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AB Many transcription factors function by repressing gene transcription. For 
a variety of these transcription factors the ability to physically recruit 
auxiliary proteins, denoted corepressors, is crucial for the 
ability to silence gene expression. We and others have previously 
implicated the SMRT corepressor in the actions of the 
PLZF transcription factor and in the function of its oncogenic derivative, 
PLZF-retinoic acid receptor (RARalpha), in 

promyelocytic leukemia. We report here that PLZF, and a structurally 

similar transcriptional repressor, BCL-6, can interact with a variety of 

corepressor proteins in addition to SMRT, including the 

mSin3A protein and (for PLZF) histone deacetylase-1. Unexpectedly, these 

additional interactions with corepressor components are 

nonequivalent for these otherwise similar oncoproteins, suggesting that 

transcriptional repression by BCL-6 and by PLZF may differ in mechanism. 

Furthermore, we demonstrate that the oncogenic PLZF-RARalpha chimera lacks 

several important corepressor interaction sites that are present 

in the native PLZF protein. Thus the t(l 1;I7) translocation that creates 

the PLZF-RARalpha chimera generates an oncoprotein with potentially novel 

regulatory properties distinct from those of either parental protein. Our 

results demonstrate that otherwise similar transcription factors can 

differ notably in their interactions with the corepressor 

machinery. 
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AB Nuclear hormone receptors are ligand-regulated transcription factors that 
play crit. roles in metazoan homeostasis, development, and reprodn. Many 
nuclear hormone receptors exhibit bimodal transcriptional properties and 
can either repress or activate the expression of a given target gene. 
Repression appears to require a phys. interaction between a receptor and a 
corepressor complex contg. the SMRT/TRAC or N-CoR/RIP13 
polypeptides. We wished to better elucidate the rules governing the 
assocn. of receptors with corepressors. We report here that different 
receptors interact with different domains in the SMRT and N-CoR 
corepressors and that these divergent interactions may therefore 
contribute to distinct repression phenotypes. Intriguingly, different 
isoforms of a single nuclear hormone receptor class also differ markedly 
in their interactions with corepressors, indicative of their nonidentical 
actions in cellular regulation. Finally, we present evidence that 
combinatorial interactions between different receptors can, through the 
formation of heterodimeric receptors, result in novel receptor-corepressor 
interactions not obsd. for homomeric receptors. 
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AB Several lines of evidence indicate that the nuclear receptor 
corepressor (N-CoR) complex imposes ligand dependence on 
transcriptional activation by the retinoic acid 
receptor and mediates the inhibitory effects of estrogen receptor 
antagonists, such as tamoxifen, suppressing a constitutive N-terminal, 
Creb-binding protein/coactivator complex-dependent activation domain. 
Functional interactions between specific receptors and N-CoR or 
SMRT corepressor complexes are regulated, positively or 
negatively, by diverse signal transduction pathways. Decreased levels of 
N-CoR correlate with the acquisition of tamoxifen resistance in a mouse 
model system for human breast cancer. Our data suggest that N-CoR- and 
SMRT-containing complexes act as rate-limiting components in the 
actions of specific nuclear receptors, and that their actions are 
regulated by multiple signal transduction pathways. 
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AB The thyroid hormone receptor splice variant, 

alpha2, is unable to bind thyroid hormone (T3) and has been proposed to 
function as an endogenous inhibitor of T3 action. In this report, we 
examined further the DNA sequence requirements for alpha2 binding to 
thyroid hormone response elements (TREs) in an attempt to identify 
response elements that mediate potent inhibition by alpha2. Heterodimers 
of alpha2 and retinoid X receptor were found to bind to a subset of TREs 
(DR4, direct repeats spaced by 4 bp) in which selected flanking and spacer 
sequences enhanced interactions with the AGGTCA core binding sequence. 
Despite the optimization of the TRE-binding sites, alpha2 remained a weak 
dominant negative inhibitor of TRE-driven transcription. A promoter 
interference assay was also developed for testing inhibition by alpha2. In 
these studies, alpha2 blocked gene transcription, but it required 
cotransfected retinoid X receptor, and it was not as potent as unliganded 
thyroid hormone receptors. These results led 
to the hypothesis that alpha2 might be deficient in interactions with 
nuclear receptor corepressors. Consistent with this view, alpha2 
did not silence basal transcription in its native form or when linked to 
Gal4. Alpha2 also failed to interact with corepressors (NCoR and 
SMRT) in both gel shift assays and mammalian two-hybrid assays. We 
conclude that alpha2 is a weak antagonist of thyroid hormone action 
because it binds weakly to a limited repertoire of response elements, and 
it does not interact with corepressors. Thus, alpha2 may be able 
to compete with thyroid hormone receptors 
for binding to a limited group of target sites, but it is not able to 
actively inhibit transcription. 
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AB Previously, we defined a novel class of ligands for the human progesterone 
receptor (PR) which function as mixed agonists. These compounds induce a 
conformational change upon binding the receptor that is different from 
those induced by agonists and antagonists. This establishes a correlation 
between the structure of a ligand-receptor complex and its transcriptional 
activity. In an attempt to define the cellular components which 
distinguish between different ligand-induced PR conformations, we have 
determined, by using a mammalian two-hybrid assay, that the nuclear 
receptor corepressor (NCoR) and the silencing mediator for 
retinoid and thyroid hormone receptor ( 

SMRT) differentially associate with PR depending upon the class of 
ligand bound to the receptor. Specifically, we observed that the 
corepressors preferentially associate with antagonist-occupied PR 
and that overexpression of these corepressors suppresses the 
partial agonist activity of antagonist-occupied PR. Binding studies 
performed in vitro, however, reveal that recombinant SMRT can 
interact with PR in a manner which is not influenced by the nature of the 
bound ligand. Thus, the inability of SMRT or NCoR to interact 
with agonist-activated PR when assayed in vivo may relate more to the 
increased affinity of PR for coactivators, with a subsequent displacement 
of corepressors, than to an inherent low affinity for the 
corepressor proteins. Previous work from other groups has shown 
that 8-bromo-cyclic AMP (8-bromo-cAMP) can convert the PR antagonist RU486 
into an agonist and, additionally, can potentiate the transcriptional 
activity of agonist-bound PR. In this study, we show that exogenous 
expression of NCoR or SMRT suppresses all 8-bromo-cAMP-mediated 
potentiation of PR transcriptional activity. Further analysis revealed 
that 8-bromo-cAMP addition decreases the association of NCoR and 
SMRT with PR. Thus, we propose that 8-bromo-cAMP-mediated 
potentiation of PR transcriptional activity is due, at least in part, to a 
disruption of the interaction between PR and the corepressors 
NCoR and SMRT. Cumulatively, these results suggest that NCoR and 
SMRT expression may play a pivotal role in PR pharmacology. 
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AB The human retinoic acid receptor alpha (hRAR 

alpha) exhibits cell-specific transcriptional activity. Previously, it was 
shown that in the absence of hormone the wild-type receptor is a 
transcriptional silencer in L cells, whereas it lacks silencing function 
and is a weak activator in CV1 cells. Addition of hormone leads to a 
further increase in transactivation in CV1 cells. Thus, the retinoic acid 
response mediated by RAR alpha is weak in these cells. It was shown that 
the CV1 -specific effect is due to the receptor C terminus. We show, that 
the failure of silencing by RAR is not due to a general lack of 
corepressors in CV1 cells, since the silencing domain of RAR is 
functionally active and exhibits active repression in these cells. 
Furthermore, we show that the conserved AF2/tau c activation function of 
RAR is responsible for the cell-specific inhibition of silencing. Thereby, 
the CV1 cell specificity was abolished by replacing AF2/tau c of RAR with 
the corresponding sequence of the thyroid hormone 
receptor. Thus, we find a new role of the C-terminal conserved 
activation function AF2/tau c in that, specifically, the RAR AF2/tau 
c-sequence is able to prevent silencing of RAR in a cell-specific manner. 
In addition, we show that the inhibitory effect of AF2/tau c in CV1 cells 
can be overcome by expression of the corepressor SMRT 
(silencing mediator of retinoic acid and thyroid hormone 
receptor), but not by that of N-CoR (nuclear receptor 
corepressor). The expression of these two corepressors, 
however, had no measurable effect on RAR-mediated silencing in L cells. 
Thus, the expression of a corepressor can lead to a dramatic 
increase of hormonal response in a cell-specific manner. 
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AB A novel receptor-interacting factor, referred to herein as SMRT [silencing 
mediator (co-repressor) for retinoic acid receptor 

(RAR) and thyroid hormone receptor (TR)] is provided. SMRT exist as 2 
alternatively spliced isoforms, a long form 1495 amino acids in length and 
a shorter form with residues 1330-1375 deleted. SMRT is a novel protein 
whose assocn. with RAR and TR both in soln. and on DNA response elements 
is destabilized by Hgand. The interaction of SMRT with mutant receptors 
correlates with the transcriptional silencing activities of receptors. In 
vivo, SMRT functions as a potent co-repressor. A GAL4 
DNA-binding domain (DBD) fusion of SMRT behaves as a frank repressor of a 
GAL4-dependent reporter. Together, these data identify a novel class of 
cofactor which is believed to represent an important mediator of hormone 
action. 
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AB Nuclear hormone receptors are ligand-regulated transcription factors that 
modulate gene expression in response to small, hydrophobic hormones, such 
as retinoic acid and thyroid hormone. The thyroid hormone and 
retinoic acid receptors typically repress 

transcription in the absence of hormone and activate it in the presence of 



hormone. Transcriptional repression is mediated, in part, through the 

ability of these receptors to physically associate with ancillary 

polypeptides called corepressors. We wished to understand the 

mechanism by which corepressors are recruited to unliganded 

nuclear hormone receptors and are released on the binding of hormone. We 

report here that an alpha-helical domain located at the thyroid 

hormone receptor C terminus appears to undergo a 

hormone-induced conformational change required for release of 

corepressor and that amino acid substitutions that abrogate this 

conformational change can impair or prevent corepressor release. 

In contrast, retinoid X receptors appear neither to undergo an equivalent 

conformational alteration in their C termini nor to release 

corepressor in response to cognate hormone, consistent with the 

distinct transcriptional regulatory properties displayed by this class of 

receptors. 
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AB SMRT (silencing mediator of retinoic acid and thyroid hormone receptor) 
and N-CoR (nuclear receptor corepressor) are two related 
transcriptional corepressors that contain separable domains 
capable of interacting with unliganded nuclear receptors and repressing 
basal transcription. To decipher the mechanisms of receptor interaction 
and transcriptional repression by SMRT/N-CoR, we have characterized 
protein-protein interacting surfaces between SMRT and nuclear receptors 
and defined transcriptional repression domains of both SMRT and N-CoR. 
Deletional analysis reveals two individual nuclear receptor domains 
necessary for stable association with SMRT and a C-terminal helix 
essential for corepressor dissociation. Coordinately, two SMRT 
domains are found to interact independently with the receptors. Functional 
analysis reveals that SMRT contains two distinct repression domains, and 
the corresponding regions in NrCoR also repress basal transcription. Both 
repression domains in SMRT and N-CoR interact weakly with mSin3A, which in 
turn associates with a histone deacetylase HDAC1 in a mammalian two-hybrid 
assay. Far- Western analysis demonstrates a direct protein-protein 



interaction between two N-CoR repression domains with mSin3 A. Finally we 
demonstrate that overexpression of full-length SMRT further represses 
basal transcription from natural promoters. Together, these results 
support a role of SMRT/N-CoR in corepression through the utilization of 
multiple mechanisms for receptor interactions and transcriptional 
repression. 
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AB Chicken ovalbumin upstream promoter-transcription factors (COUP-TFs) are 
orphan receptors that belong to the steroid/thyroid 
hormone receptor (TR) superfamily and can repress the 
transcriptional activity of several target genes; however, the precise 
mechanism of this repression is unknown. Transfection of a Gal4 
DNA-binding domain fused to the putative ligand-binding domain of COUP-TFI 
(Gal4-COUP-TFI) significantly represses the basal transcriptional activity 
of a reporter gene containing Gal4-binding sites. Cotransfection of 
COUP-TFI can relieve the Gal4-COUP-TFI repression in a dose-dependent 
manner. In contrast, COUP-TFI delta35, which lacks the repressor domain 
(the C-terminal 35 amino acids), fails to relieve this repression. This 
finding suggests that the repressor domain of COUP-TFI may squelch a 
limiting amount of corepressor in HeLa cells. In addition, 
increasing concentrations of TRbeta also can relieve the COUP-TFI 
repression in a hormone-sensitive manner. Similarly, overexpression of 
increasing concentration of COUP-TFI, but not COUP-TFI delta35, can 
squelch the silencing activity of the unliganded TRbeta. Collectively, 
these results indicate that COUP-TFI and TRbeta share a common 
corepressor(s) for their silencing activity. To determine which 
corepressor is involved in the COUP-TF-silencing activity, we used 
a yeast two-hybrid and in vitro GST pull-down assays to demonstrate that 
COUP-TFI can interact with the fragment of N-CoR (nuclear receptor- 
corepressor) encoding amino acids 921-2453 and the fragments of 
SMRT (silencing mediator for retinoic acid 
receptor and TR) encoding amino acids 29-564 and 565-1289, 
respectively. Interestingly, the fragment of SMRT encoding amino 
acids 1 192-1495, which strongly interacts with TRbeta, interacts very . 
weakly with COUP-TFI. Furthermore, overexpression of N-CoR or SMRT 
potentiates the silencing activity of COUP-TFI and can relieve the 



COUPrTFI-mediated squelching of Gal4-COUP-TFI activity. Therefore, our 
studies indicate that N-CoR and SMRT act as corepressors 
for the COUP-TFI silencing activity. 
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AB The transcriptional corepressors SMRT and N-CoR function as 

silencing mediators for retinoid and thyroid hormone receptors. Here we 
show that SMRT and N-CoR directly interact with mSin3A, a 
corepressor for the Mad-Max heterodimer and a homolog of the yeast 
global-transcriptional repressor Sin3p. In addition, we demonstrate that 
the recently characterized histone deacetylase 1 (HDAC1) interacts with 
Sin3A and SMRT to form a multisubunit repressor complex. Consistent with • 
this model, we find that HDAC inhibitors synergize with retinoic acid to 
stimulate hormone-responsive genes and differentiation of myeloid leukemia 
(HL-60) cells. This work establishes a convergence of repression pathways 
for bHLH-Zip proteins and nuclear receptors and suggests this type of 
regulation may be more widely conserved than previously suspected. 
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AB Steroid/thyroid hormone receptors are 

ligand-dependent transcription factors that regulate diverse aspects of 
growth, development, and homeostasis by binding as homodimers or 
heterodimers to their cognate DNA response elements to modulate 
transcription of target genes. Transactivation by steroid/ thyroid 
hormone receptors involves a conserved AF-2 domain 
located in the distal carboxy-terminus of the receptors. The existence of 
co-factors, termed co-activators or adapters, was first suggested by 
transcriptional squelching between progesterone receptors and estrogen 
receptors. Co-repressors were also postulated to 
contribute to the silencing function of unliganded thyroid 
hormone receptor (TR). The yeast two-hybrid system and 
Far- Western blotting have been used to identify several proteins that 
interact with members of the steroid/thyroid hormone 
receptor superfamily in a ligand-sensitive manner. Our labpratory 
cloned the first functional co-activator, termed steroid receptor 
co-activator-one (SRC-1), that appears to be a general co-activator for 
all steroid receptors tested and enhances transactivation of steroid 
hormone-dependent target genes. Subsequently, many more putative 
co-activators have been reported, including the SRC-1 related proteins, 
TIF2 and GRIP1, and other putative and unrelated co-activators such as 
ARA70, Tripl, RIP140, and TIF1. In addition, another co-activator, 
CREB-binding protein (CBP), has been shown to enhance steroid 
receptor-dependent target gene transcription. CBP and SRC-1 interact and 
synergistically enhance transcriptional activation by the ER and PR. 
Therefore, a ternary complex-consisting of CBP, SRC-1, and liganded 
steroid receptors-may form to increase the rate of hormone-responsive gene 
transcription. Similarly, co-repressors, such as 
SMRT and N-CoR, for TR and retinoic acid 
receptors (RAR) have been identified. The unliganded TR and RAR 
have been shown to inhibit basal promoter activity; this silencing of 
target gene transcription by unliganded receptors is mediated by these 
co-repressors. Collectively, available evidence supports 
the following model of steroid-responsive gene transcription. Upon binding 
of agonist the receptor changes its conformation in the ligand-binding 
domain that enables recruitment of co-activators, which allows the 
receptor to interact with the basal transcriptional machinery more 
efficiently and to activate transcription. In contrast, binding of 
antagonists induces a different conformational change in the receptor. 
Although some antagonist-bound receptor can dimerize and bind to its 
cognate DNA element, it fails to dislodge the associated co- 
repressors, which results in a nonproductive interaction with the 
basal transcriptional machinery. Similarly, the TR and RAR associate with 
co-repressors in the absence of ligand, thereby 
resulting in a negative interaction with the transcriptional machinery 
that silences target gene expression. In the case of mixed 
agonist/antagonists, such as 4-hydroxytamoxifen, activation of gene 
transcription may depend on the relative ratio of co-activators and 



co-repressors in the cell or cell-specific factors that 
determine the relative agonistic or antagonistic potential of different 
compounds. These co-activators and co-repressors 
appear to act as an accelerator and/or a brake that modulates 
transcriptional regulation of hormone-responsive target gene expression. 
Thus, the recent discovery of co-activators and co- 
repressors expands our knowledge of the mechanisms of steroid 
receptor action. 
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AB Transcriptional repression represents an important component in the 

regulation of cell differentiation and oncogenesis mediated by nuclear 

hormone receptors. Hormones act to relieve repression, thus allowing 

receptors to function as transcriptional activators. The transcriptional 

corepressor SMRT was identified as a silencing mediator for 

retinoid and thyroid hormone receptors. SMRT is highly related to another 

corepressor, N-CoR, suggesting the existence of a new family of 

receptor-interacting proteins. We demonstrate that SMRT is a ubiquitous 

nuclear protein that interacts with unliganded receptor heterodimers in 

mammalian cells. Furthermore, expression of the receptor-interacting 

domain of SMRT acts as an antirepressor, suggesting the potential 

importance of splicing variants as modulators of thyroid hormone and 

retinoic acid signaling. 
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